The impact of white onion as a natural antioxidant on the lipid profile of "Vila Franca" shrimp (Litopenaeus schmitti Burkenroad, 1938), during storage under freezing, was evaluated by changes in the composition of fatty acids, carotenoids, centesimal composition and phenols. The lipid content in the shrimp samples in natura and with white onion was dimmed after 45 days of storage under freezing. At zero time and during storage, lower levels of fatty acids were detected in the shrimp with addition of white onion. There was a reduction in the total carotenoid content of fresh and white onion shrimp samples after 45 days of storage, corresponding to 30% and 43%, respectively. After 90 days of storage, was detected a loss of 28%, in the samples with addition of white onion, in relation to 45 days. On spite of the linear increase in phenol content during storage, no positive correlation was observed between the concentrations of phenols and the antioxidant activity exerted by white onion, in relation to the profile of fatty acids and carotenoids of the food.
Introduction
Shrimp production has increased significantly in recent years and can be classified as the product of the greatest economic impact in the world, mainly due to the high utilization in the gastronomic sector (Becerra et al., 2014) and considerable nutritional importance, being a food source of the high-value proteins, minerals (Pedrosa & Cozzolino, 2001) and polyunsaturated fatty acids of the omega 3 series, especially Eicosapentaenoic (EPA) and Docosahexaenoic (DHA) (Furuya et al., 2006; Simon et al., 2012; Lira et al., 2014) , which present several beneficial effects in the organism (Costa et al., 2009; Perini et al., 2010; Ruxton, 2011; Ruxton et al., 2005) . Shrimp is also a source of carotenoids (Lira et al., 2017) , with astaxanthin being the major source (Armenta & Guerrero-Legarreta, 2009) .
In natura and frozen shrimp are the main presentations under which this crustacean is marketed (Becerra et al., 2014) . During the storage of the shrimp, the polyunsaturated fatty acids can undergo lipid oxidation reactions, having their profile modified. These reactions directly affect the quality of the food, by reducing the shelf life due to the rancid, odor and strong flavor characteristic of the phenomenon, in addition to being able to develop substances that are harmful to the health of the consumer (Pokorny et al., 2008) .
Dne of the strategies to inhibit the occurrence of lipid oxidation is from the use of antioxidants, for its ability to hijack or prevent the formation of free radicals (Kulawik et al., 2013) . The use of natural antioxidants can generate health benefits related to the immune system, heart disease and cancer prevention (Hathwar et al., 2012; Haugaard et al., 2014) . Vegetables represent one of the natural sources of antioxidants (Abreu et al., 2011; Selani et al., 2011) . The protective effect exerted by these foods has been attributed to the presence of phenolic compounds, β-carotene, vitamin C and vitamin E (Melo et al., 2006) . White onion (Allium cepa L.) is a vegetable widely used in culinary preparations. However, there is no information in the scientific literature about its effect as a natural antioxidant. The "Vila Franca" shrimp (Litopenaeus schmitti Burkenroad, 1938), also called "Caboclo" and "White" shrimp in the Northeast Brazil, is a prominent crustacean in such region due to its size (about 18 cm in length) and flavor. Ot is exploited artisanal and a with relevant interest. Considering the socioeconomic importance of shrimp in the Northeast State of Alagoas (Brazil), where the water reaches high salinity (35.5 psu) and medium temperature 27.8 °C (Araújo, 2006) , together with the nutritional value of this crustacean, the objective of this pioneering work was to evaluate the impact of white onion (Allium cepa L.) on the prevention of lipid oxidation in "Vila franca" shrimp (L. schmitti) during storage under freezing.
Methodology

Samples preparation
White onions (Allium cepa L.) were purchased at a supermarket located in Maceió-AL and then transported to the laboratory, where the epidermis, stalk and roots were removed.
Regarding the shrimps, two batches of 4.0 Kg of the "Vila Franca' shrimp (L. schmitti), from the coastline (geographic coordinates 8º8'12"S and 10º29'12"S) of Maceió-Alagoas/Brazil, was acquired in september 2016, soon after collected. The samples were placed in plastic bags, kept in cooler box with ice and immediately transported to the laboratory. These batches were split into two groups of 2.0 Kg.
Group "O" was formed without the addition of white onion and group "OO" was formed with the addition of 5% of this vegetable. This percentage was established because it is usually used in cooking preparations. On both groups, the residue of the head and intestines, shells from the exoskeleton carapace, plus tail and legs of the shrimps were removed. Dnly the fillets were used. As the mass of fillets for the analyzes was 30g (without addition and with addition of 5% white onion), it was estimated that the amount of acquired sample per group (1 Kg) was sufficient. Then, the mass of appropriate aliquots of fillets (30 g) of the groups O and OO samples (respectively without addition and with addition of 5% white onion) randomly collected were measured and identified for analysis. The remaining samples (without addition and with addition of 5% white onion) were packed in aseptic plastic bags, identified and stored in plastic containers in the freezer at -17 °C (± 1 °C), until the moment of the analysis (0, 45 and 90 days under freezing). The "time zero" samples were processed at the same day, whilst the others were stored under freezing until the interval settled for the analysis (45 or 90 days).
Chemical analysis
The following determinations were made, in triplicate:
Centesimal composition
The moisture, protein and ash contents were determined using Association of Dfficial Analytical Chemists (2000) methodologies. Total lipid was extracted by Folch et al. (1957) and the lipid content was gravimetrically determined. The caloric value was calculated from the caloric coefficients corresponding to the proteins and lipids (Livesey, 1990) .
Extraction of carotenoids
The carotenoid pigments were extracted from the fillets samples (30 g) through homogenization with 92.8 ° GL ethanol (100 mL) in a blender during 5 min. The commercial ethanol (92.8 ° GL) was used since it enables a better extraction with less cost and it is a less toxic solvent (Santos et al., 2012) . Each crude extract was centrifuged at 10,000 rpm at 4 °C for 20 min, and the supernatant (liquid phase) was stored in amber bottles, while the precipitate (16 g) was re-homogenized for 5 min with commercial ethanol until the complete removal of pigments (56 mL). The second supernatant was added to the first and the mixture was filtered (filter paper) before the final collection on a second amber vial. To avoid possible oxidation due to contact with oxygen from the air, nitrogen gas was sprayed into the vial before being closed. Then it was stored in a freezer at -17 °C (± 1 °C) until the next day when the total carotenoids were determined.
Determination of carotenoids content
The absorbance of 1 mL of each ethanolic extract was measured at 470 nm using a spectrophotometer. The "blank" reference corresponded to 1 mL of ethanol (Schiedt & Liaaen-Jensen, 1995) . The concentration of carotenes in the extract was determined using the following equation (Equation 1), wherein "A" is the absorbance at 470 nm, "vol" is the volume (mL) used in the extraction of carotenoids and "A1%" is the absorption coefficient for 1% of the mixture of unknown carotenes at 2500:
Fatty acid profile
Aliquots of lipid extracts obtained according to Folch et al. (1957) were converted to methyl esters (Hartman & Lago, 1973) and injected into a gas phase (GC) chromatograph (GC Gas Chromatograph 2010 plus Shimadzu/GC solution software, SP-2560 fused silica chromatography non-bonded poly (biscianopropyl siloxane) Column and with a length, internal diameter and df of (100 m × 0.25 mm; 0.20 µm); temperature programming: isothermal at 140 °C for 5 min and then heating at 4 °C/min to 240 °C (remaining at this for 20 min); Vaporizer temperature: 250 °C; Detector temperature: 260 °C; Carrier gas: Helium (1 mL / min.); Sample split ratio: 1/50; Standard fatty acid methyl esters were used, comparing the retention time of the methyl esters of the samples and the standards. The quantification of the fatty acids was done by normalization of area, expressing the result in mg/100g.
Determination of total phenolic compounds
The white onion samples were cut into thin layers, approximately 1 cm, and dehydrated at 40 °C to concentrate the solids and facilitate the extraction process of the phenols, maintaining the ratio of dry mass / solvent. The samples were macerated, according to Elfalleh et al. (2012) and homogenized at 80% methanol, at a ratio of 1:10 (m;V). The total phenolic contents were measured by spectrophotometry, according to Singleton, Drthofer; Lamuela-Raventos (1999), modified by Meda et al. (2005) . The obtained dry extract was diluted in 80% methanol, obtaining a concentration of 2000 μg/mL, homogenized with 250 μL of the Folin-Ciocalteau reagent, 2 mL of 7.5% calcium carbonate and 6 mL of distilled water and allowed to stand, at room temperature for 2 hours. The absorbance was measured at 750 nm and the results were expressed as gallic acid equivalent (mg gallic acid / 100 g sample extract).
Statistical analyzes
The data of fatty acids were submitted to analysis of variance (ANDVA) by the statistical program SPSS® Statistics (Pereira, 2003) , and the averages of the treatments compared by the Tukey test, at 5% of significance.
Results and discussion
Centesimal composition
The results of the analyzes of centesimal composition of "Vila Franca" shrimp in natura and with addition of white onion are presented in Table 1 .
Ot was verified that the moisture, ash and protein contents, in fresh shrimp and with white onion, at different storage times under freezing did not present a statistically significant difference (p> 0.05), indicating that, the consumer can the protein content of this food until the 90 days of storage. There was also no significant difference (p> 0.05) between the in natura and white onion samples.
The in natura samples presented lower protein levels than those found in freshwater "Pitu" shrimp (Macrobrachium acanthurus -Wiegman, 1836), which corresponded to 23.6% (Simon et al., 2012) . However, Pedrosa & Cozzolino (2001) found 10.62% of the protein in fresh pink shrimp, a value lower than that detected in this study.
The "Vila Franca" shrimp in natura presented low lipid content (1.58 g/100g), which can be considered as lean food (Ackman, 1989) . Similar results were found with freshwater "Pitu" shrimp (M. acanthurus) in natura, corresponding to 1.6 g/100 g (Simon et al., 2012) .
The lipid content of the in natura and white onion samples showed a significant reduction (p <0.05) after 45 days of storage under freezing, evidencing that the white onion was not able to protect the food against lipid oxidation. Both groups presented maintenance of their lipid contents until 90 days. There were no significant differences (p> 0.05) between the percentages of in natura shrimp lipids compared to the crustacean with white onion addition, during the various storage times under freezing.
Fatty acid profile
The results of the fatty acid profile identified in the samples of the "Vila Franca" shrimp in the in natura form and with the addition of white onion stored in the different freezing times are presented in Table 2 .
The saturated fatty acids that were most expressive, in all analyzed periods, in the samples in natura and with the addition of white onion, were the Palmitic and Stearic acids. Among the monounsaturated fatty acids, it was found the Dleic and Palmitoleic and with relation polyunsaturated, the Eicosapentaenoic, Docosahexaenoic and Arachidonic. These results are in agreement to those reported by Simon et al. (2012) in "Pitu" freshwater shrimp (M. acanthurus) in natura and Lira et al. (2014) and in spiny shrimp (Xiphopenaeus kroyeri Heller,1862) in natura.
On the two groups analyzed, there was a significant increase (p <0.05) in the contents of these saturated, monounsaturated and polyunsaturated fatty acids after 45 days of storage, in relation to time zero, and it could be assumed that a concentration occurred, since it was observed the storage period. However, after 90 days, there was a significant (p <0.05) decline in the concentrations of these fatty acids, both in the in natura samples and in those with white onion addition, probably due to the development of oxidative reactions. Freezing and storage under low temperatures are important methods used for the preservation of fish (Siddaiah et al., 2001) . However, food processing often involves tissue disruptions. This brings in contact intracellular compounds originally contained within different organites and/or the cytoplasm, and also extracellular molecules (Bourvellec & Renard, 2012) . Ot may lead to some undesirable changes such as protein denaturation and lipid oxidation (Xia et al., 2009; Leygonie et al., 2012) . There was a significant difference (p <0.05) between the fatty acids content of the in natura samples compared to the samples with addition of white onion at time zero and during storage, and lower values were detected in shrimp with addition of white onion. Ot was evidenced that the use of this vegetable as an antioxidant measure did not act expressively preventing this phenomenon. Dne possible explanation is the quercetin -flavonoid compound of greatest expressiveness in vegetables of the genus Allium and considered to have a great antioxidant potential (Decker, 1997) . However, it is worth mentioning that some antioxidants can initiate an auto-oxidation process and behave like pro-oxidants under certain conditions (Bouayed & Bohn, 2010) . Also, the pro-oxidant or antioxidant activity may depend on the concentration of the bioactive compound (Dai & Mumper, 2010) . Tagliazucchi et al. (2005) , affirm that the increase of the enzymatic activity of pepsin depends on the polyphenol concentration. The order of this effect of different polyphenols in the initial increase of the reaction rate (digestive pepsin activity) and it was observed that quercetin is in a higher efficiency position than epigallocatechin-3-gallate and catechin, in increasing the initial reaction rate, which may lead to faster digestion of compounds.
On the freezing process, the cell barrier breaks down, leading to extravasation of aqueous compounds, which may have contributed to the reduction of the antioxidant capacity of quacertin, since the presence of water generally decreases the activity of antioxidants, because hydrogen-bound complexes are less effective in eliminating lipid radicals by hydrogen donation (Paiva-Martins & Gordon, 2005) .
The polyunsaturated/saturated (PUFA/FAS) ratios for the in natura and with onion addition samples at 0, 45 and 90 days of storage can be considered as not harmful to health, since when it is lower than 0.45 it is an unhealthy diet, due to its potential for induction of increased blood cholesterol, leading mainly to the increase of cardiovascular diseases (Department Df Health And Social Security apud Furuya, 2008) .
As for the n-6/n-3 ratio, the Department of Health (1994), recommends a maximum of 4:1, while the Scientific Review Committee (1990) recommends a range interval of 5:1 to 10:1. However, ratios lower than 1: 1 are not recommended because (16: 1 ω-7) 28.56 ( they inhibit the transformation of linoleic acid into arachidonic acid (Novello et al., 2008) . The results found for the in natura and with white onion samples are in accordance with the literature, at all time intervals.
Total Carotenoids
The results of the total concentration of the carotenoid pigments obtained by the ethanol extraction of the samples in natura and with the addition of white onion (time zero and stored under different freezing times) are presented in Table 3 .
The total carotenoid content of fresh and onion white shrimp samples at zero time did not show a significant difference (p> 0.05) and were similar to those detected by Lira et al. (2017) , in raw "Vila Franca" shrimp fillets (0.57 μg.mL -1 ).
The freezing storage resulted in a significant reduction (p <0.05) in the total carotenoid content of fresh and onion white shrimp after 45 days, which corresponded to 30% and 43%, respectively. This reduction can be associated to the fact that in the storage period, due to the instability of its structure, the carotenoids can undergo isomerization and oxidation, due to the decrease of humidity, generating loss of dye capacity and consequently loss / reduction of antioxidant activity (Rodriguez-Amaya & Kimura, 2005; Rios, 2009; Barbosa et al., 2012) . Lira et al. (2017) detected a superiority of the antioxidant potential of carotenoids when compared to ascorbic acid, especially in cooked steaks and bark. However, due to its double bonded structure, carotenoids are sensitive to light, temperature, acidity and oxidation reactions (Ambrosio et al., 2006) . So that, the same polyenic chain responsible for the desirable properties is the cause of the instability of carotenoids (Rodriguez-Amaya & Kimura, 2005) under heat treatment during domestic preparation, industrial processing and food storage (Meléndez-Martínez et al., 2004) , with a lack of their nutritional and beneficial properties. Lira et al. (2017) detected a significant difference (p> 0.05), of 39%, in carotenoid concentrations, in samples of "Vila franca" shrimp in natura, after 90 days under freezing conditions. On the present study, after 90 days of freezing, a significant loss (p <0.05) of 28% was detected in the samples with addition of white onion, in relation to 45 days.
The results obtained in the present study show that white onion did not exert antioxidant activity on carotenoids, as it did in relation to fatty acids.
Total phenols
The genus Allium has more than 500 members, with different appearance, color and flavor, but they have similarities in biochemistry, phytochemistry and nutraceutical content. They have antioxidant activity, free radical interceptors, inhibitors of lipid peroxidation (Escarpa & González, 2001) and are derived from secondary metabolism, which is characterized by the presence of sulfur and numerous phenolic compounds (Griffiths et al., 2002) . synthesis can be increased in response to a stress condition (Jacques & Zambiazi, 2011) . The main phenolic component of the different species of onion (A. cepa L.) is quercetin, . According to Haida et al. (2014) , phenolic compounds can be influenced by external factors, including storage temperature.
The total phenolic content of white onion observed in the present study is shown in Table 4 .
The values of phenolic compounds detected at time zero were lower than those found by Recart et al. (2009) , ranging from 224.43 μg/g to 230.64 μg/g in different classes of commercial onions. The results obtained by Souza et al. (2010) , on aqueous onion extract (283.3 μg/g) and Nuutila et al. (2003) , on red onion (270.5 μg/g) were also compared. Lower values were found by Nuutila et al. (2003) for giant onion (84.5 μg/g) and yellow onion (155 μg/g). Siddiq et al. (2013) found a reduction in the phenolic compounds content from time 0 to day 14, followed by increase at the end of storage in minimally processed yellow onion and stored at 4 °C for 21 days.
After 90 days of storage, the concentration of total phenols increased significantly (p> 0.05) by 11.7%, in relation to time zero. Siddiq et al. (2013) found an increase in the phenolic content during the storage of minimally processed onions and report that it was due to the physiological response of the onion, due to the stress caused by the treatment and the storage time employed. According to Chang et al. (2005) , food processing can accelerate the release of the phenolic compounds from the matrix, from the breakdown of the cellular constituents.
On spite of the linear increase in phenol content during storage, no positive correlation was observed between the phenol concentrations and the antioxidant activity exerted by the white onion, in relation to the profile of fatty acids and carotenoids. Melo et al. (2006) also found no positive relationship between the phenol content and the antioxidant capacity of several fruits and vegetables, including white onion, evidencing that the antioxidant capacity of an extract can not be explained solely on the basis of its content phenols, it is also necessary to characterize the structure of the active compound (Heinonen et al., 1998) . The averages followed by lowercase letters on the same line differ statistically from one another. The Tukey's test was applied at a 5% probability level. 
Conclusions
The in natura "Vila Franca" shrimp is as a source of proteins of high biological value, carotenoids, as well as n-3 polyunsaturated fatty acids (EPA and DHA), n-6 (arachidonic and linoleic), acids n-9 monounsaturated fatty acids (oleic and palmitoleic) and saturated fatty acids (palmitic and stearic). The addition of white onion caused a significant reduction (p <0.05) in fatty acid concentrations. Storage under freezing did not affect ash and protein content of in natura samples and shrimp samples with white onion. However, significant reduction (p <0.05) was observed in the total carotenoids content, in the in natura samples and samples with the addition of white onion, after 45 days and at 90 days of freezing. Significant loss (p <0.05) was detected only in the samples with addition of white onion, in relation to 45 days.
On the two groups analyzed, there was a significant (p <0.05) increase in saturated, monounsaturated and polyunsaturated fatty acids contents after 45 days of storage. At 90 days, there was a significant decline (p <0.05), probably due to the development of oxidative reactions.
The concentration of total phenols in white onion after 90 days of storage under freezing was significantly higher (p <0.05) than that detected at time 0. However, a negative impact of the antioxidant activity of white onion was observed. profile of fatty acids and carotenoid content.
